exhibits an S = 9 ground state and significant magnetocaloric effect (-ΔSm = 18.5 J kg -1 K -1 at T = 3 K and B = 5 T).
Introduction
In recent years the area of molecular magnetism based heterometallic 3d-4f complexes has undergone a renaissance with the finding that many of these systems can behave as Single-Molecule Magnets (SMMs) 1 or low temperature Molecular Magnetic Coolers (MMCs). 2 SMMs exhibit slow relaxation of the magnetization and magnetic hysteresis below a blocking temperature (TB) 3 and have been proposed as potential candidates for applications in molecular spintronics, ultra-high density magnetic information storage and quantum computing at molecular level. 4 The SMM behavior is due to the existence of an energy barrier (U) that prevents reversal of the magnetization when the magnetic field is brought to zero, leading to bistability of the ground state. 3 MMCs, in turn, show enhanced magneto-caloric effect (MCE) , that is, the change of magnetic entropy (Sm) and adiabatic temperature provoked by the change of an applied magnetic field, which can be potentially used for cryogenic applications. 2, 5 Thus, these systems have been proposed as possible alternatives to very-low-temperature technologies and for cryogenic sensors in aerospace devices. 2, 5 Both SMMs and MMCs require large multiplicity in the ground state, which can be guaranteed in the 3d-4f systems by the presence of the lanthanide ion. However, the anisotropy of the system plays completely different role in SMMs and MMCs. While
MMCs should possess a ground state with negligible anisotropy, SMMs require a highly anisotropic ground state, as the height of the energy barrier for the relaxation of the magnetization depends on the anisotropy of the state. It should be noted that the 3d-4f magnetic exchange interactions are very weak, due to the very efficient shielding of the 4f orbitals of the Ln III ion by the fully occupied 5s and 5p orbitals, and, for the second half of the lanthanide series, generally ferromagnetic in nature. 6 Therefore, ground
states with large spin multiplicity, as well as multiple low-lying excited and fieldaccessible states are generated, each of which can contribute to the magnetic entropy of the system enhancing the MCE effect. Moreover, it is worth mentioning that a large MCE can only be observed when the 3d-4f complex possesses a small molar mass with a large metal/ligand mass ratio, in order to limit the amount of passive, non-magnetic elements. 4, 7 Taking into account the above considerations, small 3d-4f complexes, containing highly anisotropic Dy III ions could be, in principle, good candidates to show SMM behavior, while those bearing isotropic Gd III ions could exhibit large MCE and thus MMC behavior. 4, 7 It is however worth pointing out that SMM and MMC behaviors are closely interrelated to each other, depending on experimental conditions considered, as particularly evident in the recently investigated GdW30 molecule 8 and also illustrated in reference 9.
In recent years, an increasing number of Ni-Dy polynuclear complexes have been reported. 6, 10 While only few of them exhibit SMMs behavior, the MMC properties of their Ni-Gd counterparts have been barely studied. 11 Along these lines, we have exploited novel ditopic ligand H2L (N,N'-bis(3-methoxysalicylidene)-1,3-diaminobenzene), containing two coordination "pockets" (Figure 1 ) having NO and OO' donor sets with preference for transition metal and lanthanide ions, respectively, and applied this ancillary in the synthesis of the Ni2Ln2 complexes. Herein, we report the synthesis, X-ray structure and detailed dc/ac magnetic studies of the complexes 
Experimental Section
General Procedures: Unless stated otherwise, all reactions were conducted in ovendried glassware in aerobic conditions, with the reagents purchased commercially and used without further purification. The ligand H2L was prepared as previously described.
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Preparation of complexes (1) 
Physical measurements
Elemental analyses were carried out at the "Centro de Instrumentacion Cientifica"
(University of Granada) on a Fisons-Carlo Erba analyser model EA 1108. IR spectra on powdered samples were recorded with a Thermo Nicolet IR200FTIR using KBr pellets.
Single-Crystal Structure Determination.
Data were collected on Single crystals of 1 and 2 at 110 K using a Bruker AXS SMART APEX CCD diffractometer (Mo Kα radiation, λ = 0.71073 Å) outfitted with a CCD area-detector and equipped with an Oxford Cryosystems 700 series Cryostream device. A data collection strategy using ω and φ scans at 0.5 steps yielded full hemispherical data with excellent intensity statistics. Unit cell parameters were determined and refined on all observed reflections using APEX2 software. 14 Data reduction and correction for Lorentz polarization were performed using SAINT software. 15 Absorption corrections were applied using SADABS. 16 The structures were solved by direct methods and refined by the least squares method on F 2 using the SHELX software suite 17 using Olex2 program. 18 All non-hydrogen atoms were refined anisotropically. Hydrogen atom positions were calculated and isotropically refined as riding models to their parent atoms. Summary of selected data collection and refinement parameter can be found from the Supporting Information (Table S1 ).
Magnetic Properties
The variable temperature (2-300 K) magnetic susceptibility measurements under an applied field of 1000 Oe were carried out with a Quantum Design SQUID MPMS XL-5 device. Ac magnetic susceptibility measurements in the range 1-10000 Hz were carried out with a Quantum Design Physical Property Measurement System (PPMS) using an oscillating ac field of 3.5 Oe. The experimental susceptibilities were corrected for the sample holder and diamagnetism of the constituent atoms by using Pascal's tables.
Results and Discussion
H2L is a polydentate ligand with bis(NOO') donor atoms that can also act as a bridge between metal ions through both 1,3-phenylendiimine and phenolate groups.
Former one can lead to the formation of Ni2 metallacycles whereas latter can bridge the Ni II and Ln III ions. As expected, a reaction between H2L and Ni(NO3)2·6H2O in acetonitrile, followed by addition of Ln(NO3)3·5H2O and triethylamine while using a 1:1:1:2 molar ratio, afforded the tetranuclear Ni2Ln2 complexes 1 and 2 in good yield.
Single-crystal X-ray diffraction studies reveal that compounds 1 and 2 are isostructural hence 1 will be used as a representative example to illustrate the common features of the two complexes. The molecular structure of 1 is shown in Figure 2 , whereas comprehensive listing of bond lengths and angles for both 1 and 2 are given in the Supporting Information (Table S2 ). The Dy1 atom exhibits a rather non-symmetrical DyO9 coordination, which consists of two bridging phenoxo oxygens, two methoxy oxygens and five oxygen atoms belonging to two bidentate and one monodentate nitrate anions. The Dy2 atom exhibits similarly a DyO9 coordination sphere, which is built, in addition to the phenoxo and methoxy oxygens from the ligand, of five oxygen atoms belonging to three coordinated nitrate anions (two bidentate and disordered bridging or monodentate one).
In addition to the disorder involving the water molecule and bridging/monodenate nitrate anion (vide supra), both bidentately coordinated nitrates can be refined in distinct parts with slightly different terminal positions. The Dy-Ophenoxo bond distances in the range of 2.342 (2) 
Magnetic Properties
The magnetic properties of 1 and 2 were measured on polycrystalline samples in the 2-300 K temperature range under an applied magnetic field of 0.1 T and the data are given in Figure 3 in the form χMT vs T (where χM is the magnetic susceptibility per Dy2Ni2 (1) . At room temperature, the MT product of 1 (33. The M versus H plot at 2 K for 1 ( Figure S2 ) shows a relatively rapid increase in the magnetization at low field in accord with a high-spin state for this complex and then a linear increase without achieving a complete saturation at 5T. The linear high-field variation of the magnetization suggests the presence of a significant magnetic anisotropy and/or low-lying excited states that are partially populated. Dynamic ac magnetic susceptibility measurements as a function of the temperature and frequency for 1 are given in Figure 4 and Figure S3 , respectively. Figure S5 ) of the isostructural Ni2Y2 complex (3) to get an estimate of the zero-field splitting parameter D and to confirm the nature of the magnetic exchange interaction mediated by the phenylenediimine bridge (J1). It should be noted that even though we have not been able to obtain single crystals of 3 of high enough quality to determine the molecular structure, elemental analyses, IR spectra and powder X-ray diffraction data clearly indicate that all three complexes are isostructural ( Figure S6 and S7). The χMT product for 3 at room temperature (2.17 cm 3 K mol -1 ) is close to that expected for two non-interacting Ni II ions with g = 2 of 2.0 cm 3 K mol -1 ). On lowering the temperature, the χMT product slowly increases with decreasing temperature from 300 to 15 K (2.195 cm 3 K mol -1 ) and then drop sharply to 1.40 cm 3 K mol -1 at 2 K. The increase in the 300-15 K temperature range is due to a very weak ferromagnetic interaction between the Ni II , whereas the decrease at low temperature can be due to different factors, such as, the existence of intermolecular antiferromagnetic interactions between Ni2Y2 and zerofield splitting effects of the Ni II ions. As the molecules are well isolated in the crystal, we believe that the decrease in χMT at low temperature is mainly due to the latter factor.
Hence, we have modelled the magnetic properties of 3 with the following Hamiltonian H2L 1 = N,N',N''-trimethyl-N,N''-bis(2-hydroxy-3-methoxy-5-methylbenzyl) -2,2-dimethylpropylenedi(3-methoxysalicylideneiminato); valpan = N,N-propylenedi (3- where Bi and Bf are the initial and final applied magnetic fields. The values of -Sm for 2 under all fields increase as the temperature decreases form 7 to 3 K. The maximum value of -ΔSm achieved for 2 is 18.5 J kg -1 K -1 at T = 3 K with applied field change B = 5 T ( Figure 5 ). In spite of the Ni II anisotropy, there is significant change in the -ΔSm for 2, which is consistent with the easy spin polarization at relatively low magnetic field. It should be noted that -ΔSm could not be determined below 2 K due to limitations of our instrument, though it is expected to increase further with decreasing temperature. We have also simulated the MCE for 2, using the magnetic parameters extracted when D was fixed to zero (see Figure S8 ). The obtained magnetic anisotropy values indicate that -ΔSm at 5 T is reduced in 1.2 J kg -1 K -1 (5.7 %) by the Ni II anisotropy.
As expected, the extracted -ΔSm value of 18.5 J kg -1 K -1 at T = 3 K is lower than that calculated for the full magnetic entropy content per mole, i.e. 2Rln(2SNi + 1) + 2Rln(2SGd + 1) = 6.36 R = 31.08 J kg -1 K -1 , but it is higher than that expected for a S = 9
Ni2Gd2 unit, i.e. -ΔSm = Rln(2S+1) = 2.94 R = 13.85 J kg -1 K -1 . Moreover, the extracted -ΔSm value at 5 T is larger than those observed for Ni2Gd2 11d and Ni2Gd 11i,h complexes having similar molecular mass, but lower than those found under the same conditions for other more magnetic dense NiGd clusters with Gd/Ni ratios larger than 1 11b,c,d and other Gd 30 and 3d-Gd complexes 31 . However, the magnetothermal results for 2 and other small clusters demonstrate that these systems can be a good approach for novel molecular magnetic refrigerants.
Concluding remarks
The multidentate ligand N,N'-bis(3-methoxysalicylidene)- provokes a considerable increase of the effective energy barrier (Ueff).
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